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• Fungicides are pesticides that kill or prevent the growth of  fungi and their spores.
WHY FUNGICIDES
• (a) they control many diseases satisfactorily 
• (b) cultural practices ALONE often do not provide adequate disease control 
• (c) resistant cultivars are not available or not accepted in the marketplace for 
many diseases, and 










• Chemical name: The name of  the active 
ingredient (a.i.) in a fungicide 
• (e.g., methyl (E)-2-{2-[6-(2-
cyanophenoxy) pyrimidin-4-yloxy]phenyl}-
3-methoxyacrylate).
• Common name: A less technical term for 
the active ingredient (e.g., azoxystrobin).
• Trade name: The patented name under 
which a product is commercially available 
(e.g., Abound)
BASED ON THE USE
• Applied before a fungus takes hold.
• Creates a protective barrier that stops infection before it starts
Protectant/Preventative
• Penetrate cuticle & stops the early growth of the fungi after 
infection, the first step of disease cycle, has occurred
Curative
• Act on the later stages of colonisation (when symptoms are 
present) and can sometimes also act to suppress spore/fungal 
growth/disease development
Eradicant/Systemic
BASED ON THE MOBILITY IN THE PLANT
• Remains on the surface where it is applied but doesn’t go deeper. 
• No after-infection activity.  Repeated applications are needed.
Contact
• Penetrate cuticle & stops the fungal growth even after infection has occurredSystemic
BASED ON THE BREADTH OF ACTIVITY
§ Active against only one point/ metabolic pathway/critical 
protein/single critical enzyme in a fungus. 
§ Less toxic to plants and tend to have systemic properties.
Single-site
§ Affects a number of different metabolic sites within the fungus.Multi-site
BREADTH OF ACTIVITY
§ Effective against only a few usually closely 
related pathogens. 
§ Usually have single-site activity. 
Narrow-
Spectrum
§ Control a wide range of  unrelated pathogens. 




How a fungicide acts on a target fungus
Which specific process in the metabolism of  
the target fungus is affected. 
Eg: Damaging cell membranes
Respiration




• The Fungicide Resistance Action Committee 
(FRAC) developed a code of numbers and letters 
that can be used to distinguish the different 
fungicide groups based on their mode of action.
FUNGICIDE RESISTANCE
The reduction in sensitivity to a fungicide by an individual fungus. 
Fungicides with single-site modes of  action are at relatively high risk 
for resistance development compared to those with multi-site mode of  
action.

HOW FUNGI FIGHT BACK 
(FUNGICIDE RESISTANCE MODES)
v Modification of  sensitive site
v Exclusion of  fungicide 
v Detoxifying the fungicide 
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• Affects several enzymatic pathways in fungi Chlorothalonils (Group M5): 
• It inhibits enzyme activity in fungiMancozeb (Group M3): 
• Cause protein denaturation, producing cell 
damage and leakage. Coppers (Group M1)
MULTI-SITE MODE OF ACTION FUNGICIDES
Single-Site Mode of Action fungicides
• Sterol Biosynthesis Inhibitors- Sterols 
promote maintain growth and 
development fungi 
Group 3
• Inhibiting the fungi’s ability undergo 
normal respiration.Group 11
• Inhibits chitin synthetase enzyme. 
Polyoxin D 
Zinc Salts
Preserve the effectiveness and durability of registered fungicides
Resistance monitoring Resistance management 
Simultaneously evaluate 
fungicides with different 
modes of action
• Repeated and infective use leads to resistance. 
• Follow all label instructions.
• Alternate or mix fungicides with different modes of action.
Efforts to expand our tool box:
Groups 2, 7, 9 and 12 
Biological fungicide
• Fungicides that contain a 
microorganism (usually a 
bacterium or fungus or yeast) or 
biologically active substances 
produced by biological 
organisms or materials extracted
from biological organisms as the 
active ingredient for disease 
prevention and treatment. 
Mode of action of biological fungicides
• Competition: The biocontrol agent is more effective than the pathogen at gathering 
critical nutrients or space and, therefore, must be in place before disease onset.
• Antibiosis: The biocontrol agent produces a chemical compound of  some type 
(antibiotic or toxin) that acts against the pathogen.
• Predation or parasitism: The biocontrol agent directly attacks the pathogen.
• Induction of  host plant resistance: The biocontrol agent triggers a defensive 




Trt Code Group a.i. one a.i. two
1 A 2 Iprodione 41.6%
2 B 7 Benzovindiflupyr 10.27%
3 C 3&11 Azoxystrobin 25.30% Flutriafol 18.63%
4 D 3&7 Difenoconazole 10.95% Benzovindiflupyr 7.30%
5 E 3&7 Difenconazole 11.5% Pydiflumetofen 6.9%
6 F 3&7 Prothioconazole 17.4% Flupyram 17.4%
7 G 3&9 Difenconazole 8.4% Cyprodinil 24.1%
8 H 7&12 Pydiflumetofen 12.8% Fludioxonil 21.4%
9 I 9&12 Fludioxonil 25% Cyprodinil 37.5%
10 J 11 Pseudomonas chlororaphis Azoxystrobin
11 K M1 Copper Oxychloride 23.82% Copper Hydroxide 21.49%
12 L M1 Copper Sulfate Pentahydrate 21.46%
13 M M1 Copper Hydroxide 5%
14 N Bio-3 Pseudomonas chlororaphis
15 O Bio-4 Pseudomonas chlororaphis
16 QT 3&11 Difenoconazole 11.4%
17 Grower Standard I QuadrisTop®-ManzateMax®-Proline® (Groups 3&11-M5-3)
18 Grower Standard II QuadrisTop®-ManzateMax®-Proline®-Mastercop® (Groups 3&11-M5-3-M1)
19 K alternation program QuadrisTop®-K-QuadrisTop® (Groups 3&11-M1-3&11)
20 Non-Sprayed Control
How are these novel?
Group 2






























• Trial Locations: UMass Cranberry Stations’ State Bog
• Cultivar: Stevens
• Test Design:  5 replications, Randomized Complete Block Design
• Treatments: 17 new fungicide treatments in comparison with Grower Standards and 
Non-Sprayed Control
• Application Timing:  Early Bloom (June 19th), 
Mid-Bloom (July 2nd) and Late-Bloom (July 13th). 
Last spray was done on July 20th.
• Application Method: Spray with a CO2 pressurized backpack sprayer. 
Details of the grower standards
• Grower Control I:
1. FRAC Group 3&11 premix Quadris Top @ 14 fl oz/acre at EB -27% flowers are in bloom
2. Group M3 fungicide ManzateMax @ 4.8 qt/acre at mid-bloom (at 13 days after EB)
3. FRAC Group 3 fungicide Proline @ 5 fl oz/acre at LB (at 11 days after MB)
• Grower Control II: 
1. FRAC Group 3&11 premix Quadris Top @ 14 fl oz/acre at EB -27% flowers are in bloom
2. Group M3 fungicide ManzateMax @ 4.8 qt/acre at mid-bloom (at 13 days after EB)
3. FRAC Group 3 fungicide Proline @ 5 fl oz/acre at LB (at 11 days after MB)
4. MasterCop @ 3 pints/acre at 10 days after the late bloom. 

Summary
6 treatments consisting of  new compounds from the following groups 
resulted significantly lowest levels of  fruit rot.  
7, 3&7, Copper product Badge
Pseudomonas chlororaphis + 11 (3 & 4 spray regimes) and 
P. chlororaphis alone @ 3 sprays
All other treatments except G & L also resulted significantly lower fruit 
rot compared to the non sprayed control. 
B & D are moving along with IR-4 for next step. Product “I” is being 
considered as well.  

Summary
• Only one treatment had lower yield than control. 
• 4 treatments resulted in significantly higher than control.
3&11
7&12 
P. chlororaphis+11 @3 and 4 sprays





• Didn’t differ among treatments.
• On an average berry weighed 1.8 g. 
Firmness: 
• The standard range is 300 to 1200 g/mm. 
• Incentives start at >450 firmness and 
levels at >550 firmness. 
• All treatments resulted in optimum firmness 
(772 to 883 g/mm).
Total Anthocyanin Content (TaCy): 
• All treatments resulted in optimum TaCy
ranging from 35 to 56.
Take Away Message
v We have to use the available effective fungicides judiciously
to preserve their efficacy and durability. 
v Focus on integrated disease management strategies.
v Novel fungicides are being evaluated to expand toolbox. 
Please contact me… 
If you need assistance with 
• Choosing fungicides
• Monitoring Bloom and Timing fungicides
If you suspect fungicide resistance
Or have any disease related questions.
Contact: Cranberry Station (x 18)
suppala@umass.edu
334-728-1025
Sincere 
Thanks… 
MA 
Cranberry 
Growers
Ms. Krystal Demoranville
Ms. Rayann Jahrling
